Chart reviews have been used to assess the incidence and impact of adverse events, but most of them are not a nationally representative sample. In addition, the definition of adverse events is generally broad and covers unintended events; the relationship to outcome is often unclear, and official estimates have not matched those of medical practitioner's recognition. The number of patient deaths from adverse events remains unknown.
Introduction
A report by the Institute of Medicine, "To Err Is Human," estimated the number of patient deaths associated with adverse events in the United States to be 44,000 to 98,000 per year. [1, 2] This estimate was based on chart reviews done in dozens of acute care hospitals. In Japan, a study based on a chart review reported that the mortality rate associated with adverse events was 0.2% and that adverse events contributed to 34,000 deaths per year, but this number may not be representative because only acute care hospitals were considered and the sample size was relatively small (4389 patients in 18 hospitals with ≥200 beds). [3] In developed countries, chart review studies have estimated adverse event related mortality rates to be at 0.5% to 1.6%. [4] [5] [6] [7] Chart reviews have been used to detect adverse events, but they might be difficult to use widely because they require time and effort. Most of the chart review studies were based on patient records in fewer than 50 hospitals and excluded specialty hospitals such as psychiatric or pediatric hospitals. [2, [4] [5] [6] [7] Samples from those studies might not be representative of the population. In addition, the definition of adverse events used in chart review studies might be different from that recognized by medical practitioners. In chart reviews, a broad range of events, including unintended events such as side effects of certain medications and pseudomembranous colitis with broad-band antibiotics administration, were classified as adverse events. [3, 8] Some of them are regarded by medical practitioners as unavoidable events that occur with certain probability. Thus, the number of deaths and mortality rate due to adverse events remain unclear. In this study, we conducted a nationwide questionnaire survey to investigate the number of adverse event related patient deaths and mortality rate as recognized by medical practitioners, and to reveal the applicability of our method for estimating the number of adverse event related patient death as an alternative to a chart review.
Methods
A cross-sectional study using a mail survey of hospitals in Japan was conducted in 2015. The hospitals were selected by stratified random sampling according to number of beds; 25% of hospitals with <100 beds, 50% of hospitals with 100 to 299 beds, and 100% hospitals with ≥300 beds were selected. As a result, the mail survey was sent to 3270 hospitals, representing 38% (3270/8595) of all hospitals in Japan. It was hoped that a nationwide survey would be able to correct the sampling bias that naturally occurs in chart review, resulting in more accurate data. Respondents were patient safety managers, directors of nursing, or chief executive officers at the hospitals. Questionnaires were completed and recovered anonymously. The questionnaire included questions about the number of beds, the number of health care workers, the number of discharged patients, the patient safety management system at each hospital, and the number of patient deaths caused by adverse events in the past 3 years preceding receipt of the survey. The questionnaire asked how many patient deaths had been caused by adverse events at the hospital in the last 3 years.
In Japan, there are 5 types of beds, as defined by the Medical Care Act. Acute care beds account for 57%, psychiatric beds account for 22%, long-term care beds account for 21%, and other types of beds account for less than 1% of all hospital beds. A hospital can have more than one type of hospital bed. In this study, hospitals were classified by the bed type that was most commonly used; they were classified as acute care hospitals, psychiatric hospitals, and long-term care hospitals. Most of the specialty hospitals, such as pediatric hospitals or cardiovascular hospitals, were classified as acute care hospitals because most of the beds at these hospitals were acute care beds. Depending on their proportion of acute care beds or longterm care beds, rehabilitative hospitals were classified as acute care hospitals or long-term care hospitals.
The number of patient deaths caused by adverse events in Japan was estimated in 3 ways: 1) By number of beds P n i¼1 Number of patient deaths per one bed i n Â Total number of beds in hospitals in Japan 2) By number of health care workers P n i¼1 Number of patient deaths per one healthcare worker i n Â Total number of healthcare workers in hospitals in Japan 3) By number of discharged patients P n i¼1 Number of patient deaths i P n i¼1 Number of discharged patients i Â Total number of discharged patients in Japan n = number of respondents According to government statistics, in 2014, the average length of stay in an acute care bed was 16.8 days, but the average stay in psychiatric beds and long-term care beds were generally long (281.2 and 164.6 days, respectively), and thus, the number of discharged patients at those hospitals was relatively small. As a result, many outliers of the number of patient deaths per one discharged patient were observed among psychiatric hospitals and long-term care hospitals. Therefore, the estimation method based on the number of discharged patients was modified to absorb the outliers.
The estimate was adjusted by hospital type and number of beds. In this study, the mortality rate was defined as the number of patient deaths per 100,000 discharged patients. The nationwide mortality rate was calculated by dividing the number of patient deaths due to adverse events by 15,055,200 persons, which was the number of discharged patients in 2014. The average length of stay at hospitals in Japan was 33.2 days, which includes not only acute care hospitals but also long-term care and psychiatric hospitals. Inpatients spent 499,832,640 person-days in hospitals in 2014, and the number of patient deaths per 1 million person-days was also calculated.
Missing data were excluded from the analysis. An analysis of variance and the Tukey test was performed to compare the average number of patient deaths. Statistical analyses were performed using SPSS 22.0 (IBM, Armonk, NY). The ethics committee of the Toho University School of Medicine approved the study (27045).
Results
The mail survey response rate was 22.4% (731/3270). Among the respondents, 69 hospitals did not answer the number of patient deaths caused by adverse events, and those data were excluded from the analysis. The valid response represented 8% (662/8595) of all hospitals in Japan. The characteristics of respondent hospitals are summarized in Table 1 .
The number of patient deaths caused by adverse events was estimated to be 1326 to 1433 per year (Table 2 ). According to the estimate based on the number of beds, 64% of patient deaths occurred in acute care hospitals, 3% in long-term care hospitals, and 33% in psychiatric hospitals. The estimated mortality rate was 8.81 to 9.52 cases per 100,000 discharged patients, and 2.65 to 2.87 cases per 1,000,000 person-days. The mortality rate was high in acute care hospitals with ≥500 beds and in psychiatric hospitals.
The number of patient deaths at acute care hospitals with ≥500 beds was higher than that at acute care hospitals with 100 to 199 beds and at long-term care hospitals (Fig. 1A, B) . The number of patient deaths per 1000 health care workers at psychiatric hospitals was significantly higher than those at other types of hospitals (Fig. 1B) .
Discussion
The number of patient deaths recognized by practitioners to have been caused by adverse events in a year was estimated to be Fujita et 
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No. The difference between the estimate based on chart review and the estimate in this study might reflect a difference in types of hospitals or in the power to detect adverse events. This study cannot exclude the possibility of underestimation because our study was based on data recognized by practitioners. In addition, the number of patient deaths caused by adverse events could vary with the definition of "adverse event" and with the strength of causation between adverse events and outcome. The chart review study in Japan reported that the number of patient deaths was estimated at 34,000 per year. If a more strict criteria for causation used in other studies were applied, the number of deaths decreased from 34,000 to 27,000. [3, 4] In the same way, if only cases associated with definitively inappropriate medical care or patient management, which occupied 10% of patient deaths due to adverse events, were selected, the number of deaths decreased from 34,000 to 3400, and the mortality rate decreased from 227.84 to 22.78 cases per 100,000 discharged patients. [3] These numbers are similar to the results of our study, and the respondent hospitals in our study might only report the number of patient deaths caused by definitively inappropriate medical care or patient management.
Acute care hospitals
The number of patient deaths caused by adverse events may vary with the target population, the inclusion or exclusion criteria of adverse events, screening method, or adjustment method. [8] In Japan, Horiguchi [9] conducted a mail survey of 4111 hospitals asking how many patient deaths were caused by inappropriate medical care or management, or patient deaths that might be caused by them, and estimated the number of patient deaths to be between 1460 and 1993 per year, but it was not adjusted by hospital type and number of beds. In Japan, national hospitals and university teaching hospitals (273 hospitals in all) are required by law to report patient deaths caused by inappropriate medical care or management. According to the reported data, the number of patient deaths was estimated at 1288 to 2071 per year, but it was also not adjusted by hospital type and number of beds. [10] In 2014, the Japan Hospital Association conducted a mail survey of 2399 member hospitals to ask the number of patient deaths identified by each hospital, and estimated the number of patient deaths as 1225 per year. [11] The estimate was adjusted by the number of beds but not by the hospital type.
The high mortality rate in acute care hospitals with ≥500 beds might reflect something inherent in large acute care hospitals because such hospitals cover high-risk patients. Other studies also identified that the incidence of adverse events at large hospitals was higher than that at small hospitals. [4, 7] The reason for the high mortality rate at psychiatric hospitals is unclear, but it might be associated with suicide in hospitals. [12, 13] Past studies also identified excess mortality according to cardiovascular diseases in patients with schizophrenia, bipolar disorder, and depression. [14] Psychiatric patients might be less likely to be monitored and treated for cardiovascular diseases in psychiatric hospitals, or side effects of psychiatric drugs might be associated with mortality rates at these hospitals. [15] [16] [17] Further study is needed to identify the reason for the high mortality rate at psychiatric hospitals.
In this study, the relationship between patient deaths and adverse events was judged by each respondent hospital, and consequently, the number of patient deaths caused by adverse events may be influenced by the patient safety management system of hospitals. [18] For example, big acute care hospitals with more resources could detect unexpected patient deaths and clarify the cause of death, and there would be an underestimation in smaller hospitals with fewer resources. There could be some limitations regarding the representativeness of respondents in this study because the valid response represented only 8% (662/8595) of all hospitals in Japan.
To clarify the mortality rate of adverse events in hospitals by hospital type and size, other methods, such as chart reviews, global trigger tools, and prospective surveys, should be considered in addition to the present study.
Conclusion
According to a nation-wide mail survey, the annual number of patient deaths recognized by medical practitioners as caused by adverse events was estimated at 1326 to 1433 in Japan. The mortality rate was estimated at 8.81 to 9.52 cases per 100,000 discharged patients, and at 2.65 to 2.87 cases per 1,000,000 person-days. It was high at large acute care hospitals (with ≥500 beds) and at psychiatric hospitals. In comparison with a chart review, a mail survey was a faster and a cheaper way, and was able to cover a wide range of hospitals for estimating mortality rate of adverse events. The number of patient deaths at psychiatric hospitals was significantly higher than those at other types of hospitals.
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